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Formation of a covalent Hg-Cys-bond during mercurial activation of
PMNIL. procollagenase gives evidence of a cysteine-switch mechanism
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A common method for the activation of mummaliun metalloproteinases is the use of mereuriil compounds. Activation of PMNL procollagenase
by soluble mercurials tukes place as 1 three-siep mechanism with a final intermolecular loss of the PRCGYPD autoinhibitor region. In this study
covalently bound mercury in the form of mercurial agarose was cliosen to probe aciivation of PMNL procollagenase. Activation was not achieved,
since the final intermolecular cleavage with removal of the PRCGYPD motif eould not take pluce. An intgrmediate form of the enzyine was bound
1o the eolumn. Its N-terminul sequence delermination proved cleavage of the Asp™-Mel™ peptide bond leaving ihe cysteine of the propepiide
domain for covalent allachment 1o the mereurigl agarose. This gives further evidence of o eysteine-swilch mechanism involving Cys™.

Collagenuse: Meutrophil, Cysleine-switch mechunism, Activation

1. INTRODUCTION

Collagenase isolated from human polymorphonu-
clear leukocytes betongs to the metalloproteinase family
[1], whose members share similar domain structures [2].
[ts 2000y 10 cheave eoMagen 1ypes ¥, 13, anl 1) has veen
found to be important in processes such as leukodia-
pedesis and rheumatoid arthritis. All metallopro-
teinases are secreted as zymogens. and removal of an
aporakitacedy & Qg (o (I grogeguid 15 essetr-
tizh for actvity, A ©inc a'om in Yhe cnzyme 1s believed
1o bz complexed by two histidine residues and a third,
yer el wninn aid G e casalyiin damain
[3]. According to the cysteine-switch model the fourth
ligand 5 & cysweine tesidue lrom the conserved
PRCGVPD region of the propeptide domain. Removal
of this cysieine is assumed to be the crucial step in
activation [4]. Recently Salow et al. have identified this
zinc ligand in stromelysin-1 [5), which is another mem-
ber of the metalloproteinase fumily,

In vitro activation can be attained by enzymes such
as trypsin and cathepsin G [6] or by mercurials [7] and
oxidative agents [3). Mercurial activation has often been
studied. Activation of PMNL collagenase by soluble
mercurials has previously been found to take place in
a three-step mechanism by suceessive intramolecular
cleavage of the Asn*-Val¥®, Asp™-Met® and final loss
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of the PRCGYPD region by intermolecular cleavage of
the Phe™-Met*® or Met®-Leu® peptide bond. It has
never been directly demonstrated that mercurials inter-
act with the PRCGVYPD autoinhibitor region of metal-
loproteinases [9). In this paper we proved this modifica-
NOR DRTINE IErenInd a0vanon Sor e K7y Yame, »hickh
gives further evidence of' a cysteine-switch mechanism.

I A TERALS ANT WETHTTE

2.1, Muicrials

Dinitrophenyl-peptide was purchased ffom Buachem {Bubendorf.
Swilzeriand). Affi-Gel-501 was from Bio-Rad (Richmond, USA).
Plasmatonin was 4 kind gill of Fresenius (Oberursel, Germuny).

2.2, Burification of PMNL-procoliugenase

Procollagenase was purified as recently published [6]. Latency was
scrutinized by degradalion studivs of synthetic ovfapeptide (Dnp-Fro-
Glo-Gly-He-Ala-Gly-Gln-D~ArgOH) according to the methed of
Masui {10],

1.3, SDS-PAGE
SDS-PAGE was performed according to the method of Laemmli
[11). The protein was visualized by silver staining [12].

2.4, Sequence determindiion

Amino-lermingl sequence determination was performed using a mi-
crosequencer {Model 810, Knawer. Bedin, Ciermany) as published
before [13].

2.5, Mercurial aciivacion
Activation by HgCl, was carried oul as reported before [7].

20 Achivaizan of PMYNLprocolagenese ty mercuridl agarose

300 2 Affi-pel-501 [14) were washed several times with bulfer (20
mM Tris-tHCl pH 7.5; 10 mM CaCly; 0.0005% Triton X-100). 500 «l
procollagenase (150 gg) in the same buller was subjected 1o (e pei
material and continuously shaken a1 37°C. After 4 h incubation the
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reiction mixture was subjected o o column und rinsed with 10 mM
EDTA. After wishing 10 ml, the collagenuse was eluted by 04 M
mercaptonthanol, 1| mM EDTA. The EDTA cluate and the EDTA/
mergaplo eluate were collecied and desalied by Bakerbond SPE-Wide-
pore-Hi-Iropyl column,

3. RESULTS AND DISCUSSION

Organomercurial agarose (Affi-Gel 501) has often
been used to purify proteins which contain a free cyste-
ine residue. Absorption to this material is due to the
formation of covalent mercaptide bonds to the phenyi
mercury resin, Elution of these proteins can be per-
formed by mercaptoethanol or dithicerythritol.

PMNL collagenase shares its domain structure with
fibroblast type collagenase and stromelysins 1-F11. They
all consist of a propeptide and a catalytic domain fol-
lowed by a hemopexin-like domain, which is coupled by
a hinge region to the first two domains [15]. PMNL
collagenase contains three cysteine residues, with two of
them believed to be disulfide bridged in the hemopexin-
like domain and one unbridged in the propeptide do-
main. Thus, mercurials are widely used to activate ver-
tebrate metalloproteinases. Activalion by oxidative
agents and oxidised glutathione may occur in a similar
manner and thus make mercurial activation a good
model for studying this autoproteolytic mechanisim.

M, x 10° 1 2 3 4 5
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Fig. 1. SDS-PAGE, proteins visualized by silver staining. Lane I,

molecular weight marker; lane 2, latenl PMMNL collugenase; lane 3,

supernatant aller activation of collagenase by Affi-gel 501, lane 4,

mercaplo eluale of the resin after activation of PMNL collugenase;
lane 3, collagenuse activated by HgCl,.
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Fig. 2. Clenvage observed during detivation of PMNL collagenase by

soluble mercurials. A, first intramolecular cleavage; B, second intra-

moleculur cleavage and N terminus of Lhe enzyme after activation with

mercurial agarose; C, N terminus of the fully active enzyme alter the
third intermolecular cleavage.

Until now experimental proof of an interaction of the
mercury with the cysteine residue of the highly con-
served PRCGVPD region is lacking. In order to test this
hiypothesis, we used Aff-Gel-501 for the activation of
fully latent PMN leukocyte procollagenase. After 4 h
incubation of the enzyme with the gel material, no en-
zyme was detected in the supernatant (Fig, 1) However,
after concentration of the supernatant by a reversed-
phase Hi-propyl column, several peptides of the propep-
tide domain could be identified by N-terminal sequence
analysis. These exhibited proteolytic frugmentations
yielding peptides beginning with Phe', Val* and at sev-
eral other sites of the propetide domain as published
before for activation by HgCl, [7]) (Fig. 2). Elution of the
column by reducing bufter containing 0.4 M mercap-
toethunol resulted in collagenase with an apparent mo-
lecular weight of M, 67,000. N-terminal sequence deter-
mination of this protein revealed Met® as the N-termi-

M, x 10° 1 2
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Fig. 3. SDS-PACGE, proiteins visualized by silver staining, Lane I,

molecular weight marker; lane 2, collagenase ltugment isolated after

overnight incubation of collagenase with the resin, elution by reducing
buffer and purification by reversed-phase HPLC.
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nus indicating cleavage of the Asp™-Met* peptide bond
in the proenzyme. Formation of this N terminus has
previously been found to oceur in a second step during
the process of activation by soluble mercurials [7]. This
might Indicaie 1hat the tro el Cleaviges ars miramos-
ecular events occurring after mercury-induced rear-
rangement of the initially cysteine-arresied propeptide
domain, This partially truncated enzyme was nol prote-
olytically active as demonstrated earlier [7]. The
PRCGVYPD region was not released, obviously as a
result of the matrix-arrested enzyme that was not free
to continue the intermolecular process of proteolytic
activation in the medium. Thus, cleavage of the Phe-
Met*® or the Met™"Lew® peptide bond was not ob-
served at the covalently bound enzyme. Overnight incu-
bation (20 h) yielded very little C-terminally truneated
43 kDa collagenase (Fig, 3), which shared the Met® N
terminus with the whole enzyme and had lost the two
cysiganes oF Yne ReXnopeain-nNe domam. T conhrms
that the Sropaple Cpsicine SOWNE I8 responsion for
interaction with the affinity resin and that the two other
cysteine resicdues play no role in this precess. The oceur-
rence of small amounts of the truncated form may be
explained as minor side product formed by autolysis on
the resin during the long incubalion time.

Therefore, our resulis give clear evidence for a cova-
lent Hg-Cys" interaction during activation, Removal of
this residue from its assumed zine chelating position is,
accorging to the cysteine-switch hypothesis. obviously
essential for activity and the following events of propep-
tide domain cleavages.
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